This study aimed to determine the effect of a multiplemicronutrient-fortified beverage on the micronutrient status, physical fitness, and cognitive performance of schoolchildren. The study was a randomized, doubleblind, placebo-controlled trial of schoolchildren assigned to receive either the fortified or nonfortified beverage with or without anthelmintic therapy. Data on hemoglobin level, urinary iodine excretion (UIE) level, physical fitness, and cognitive performance were collected at baseline and at 16 weeks post-intervention. The fortified beverage significantly improved iron status among the subjects that had hemoglobin levels < 11 g/dl at baseline. The proportion of children who remained moderately to severely anemic was significantly lower among those given the fortified beverage. In the groups that received the fortified product, the median UIE level increased, whereas among those who received the placebo beverage, the median UIE level was reduced significantly. Iron-and/or iodine-deficient subjects who received the fortified beverage showed significant improvements in fitness (post-exercise reduction of heart rate) and cognitive performance (nonverbal mental ability score). The study showed that consumption of a multiplemicronutrient-fortified beverage for 16 weeks had significant effects on iron status, iodine status, physical fitness, and cognitive performance among iron-and/or iodine-deficient Filipino schoolchildren. Anthelmintic therapy improved iron status of anemic children and iodine status of the iron-adequate children at baseline but it had no effect on physical fitness and cognitive performance. The results from the clinical study showed that a multiple-micronutrient-fortified beverage could play an important role in preventing and controlling micronutrient deficiencies.
Introduction
Micronutrient malnutrition has been recognized not only to be widespread but also, if uncorrected, to cause serious health, developmental, and economic problems [1] [2] [3] [4] . More than 2 billion people worldwide are affected by micronutrient malnutrition [1] [2] [3] [4] . In addition, children in developing countries are prone to infection, including chronic infection with a variety of parasites [5] [6] [7] . The combined effects of undernourishment and chronic helminth infections can be serious. In areas where both are common, much of the student population may carry a significant health burden [2, [5] [6] [7] , with resulting delays in physical, emotional, and intellectual growth that have the potential to prevent the children from reaching their full potential in both physical and mental development.
The nutrition status of children in developing countries reflects the fact that, for much of the world's population, adequate nutrition is hindered by a plethora of geopolitical, cultural, and economic issues [8, 9] . In fact, one of five people in developing countries does not regularly consume enough food to meet minimum nutrition requirements [9] . Deficiencies of iron, iodine, and vitamin A are considered important global health problems [1] [2] [3] [4] , due to both widespread prevalence and the potential for such nutritional deficits to create serious health problems [10] . Deficiencies of zinc [11] and folate [12] are also common. Vitamin S130 C can be seasonally difficult to obtain in some regions [10] , and in some groups, cultural practices restricting exposure to sunlight for female children create deficits of vitamin D [13] .
Iron deficiency and anemia
The most widespread nutrition problem in the world is anemia [2] [3] [4] 14] , affecting an estimated 2.15 billion people globally, with women and children affected the most. As much as 90% of anemia cases result directly from a deficiency of iron [14] .
In children, anemia has been shown to affect both physical and cognitive development. Anemia produces pronounced lethargy with a decreased physical capacity for activity, which in children results in less time spent playing or exploring [1] [2] [3] [4] [15] [16] [17] [18] . Cognitive function is impaired in anemic schoolchildren, as evidenced by poorer school performance and lower scores on tests of concentration and cognitive development [16] [17] [18] [19] [20] . "Subclinical" iron deficiency is also recognized as a public health issue in schoolchildren. Non-anemic iron deficiency has been demonstrated to have subtle but demonstrably adverse health consequences, including lethargy, decreased physical capacity, decreased immune function, increased infection, and increased morbidity from infection [21, 22] .
Iodine deficiency
Iodine deficiency, the single most preventable cause of mental retardation in the world, is another critical public health issue; approximately 40% of the world's population lives in areas where the risk of iodine deficiency disorder (IDD) is significant [23] [24] [25] . The prevalence of iodine deficiency is estimated to be approximately 250 million cases worldwide, with 50 million people suffering from goiter [26] and another 3.5 million affected by congenital IDD-associated cretinism [26, 27] . IDD causes neurologic abnormalities and impairment, with cognitive effects that range from mild motor or cognitive deficits to severe congenital or developmental retardation [25] . The impact of IDD on intelligence quotient (IQ) scores has been estimated at a decrease of 10-15% [24] , or about 10 points [28] .
Multiple micronutrient deficiencies
In developing countries, where people may be deficient in several micronutrients at one time, multiplemicronutrient supplementation may be necessary for optimal effect. In addition, many critical vitamins are interdependent with regard to efficacy and optimal absorption. Vitamin A is critical for iron metabolism and utilization; response to iron supplementation is measurably diminished if vitamin A deficiency is also present and is not simultaneously treated [29, 30] .
Vitamin C is also necessary for optimal iron absorption [31, 32] . Deficiencies of vitamin A and iron, in turn, decrease thyroid metabolism, which subsequently decreases the response to supplemental iodine [27] .
Intervention methods
Although long-term resolution of micronutrient deficiencies in the developing world will probably include educational programs and nutrition diversification [6] , short-term urgency and practical considerations have favored two approaches to intervention. These include fortification of commonly consumed foods and supplementation [33] .
Micronutrient supplementation has largely produced positive results with respect to growth and nutrition status [34] [35] [36] [37] . A positive effect of iron supplementation on cognitive functions has been observed in schoolchildren, as well [16] [17] [18] [38] [39] [40] . Iron supplementation has been demonstrated to improve development and cognitive function in both anemic [41] and nonanemic iron-deficient schoolchildren [21] . Iodine supplementation has been shown to reverse the effects of IDD, with the exception of congenital retardation or severe early iodine deficiency [25, 42] . Zinc supplementation, as well, has been shown to improve growth and cognitive performance [34] .
Although supplementation has been proven effective in resolving micronutrient deficiencies, logistical, cultural, and economic issues in field supplementation have hindered major progress in alleviating the public health problem that multiple micronutrient deficiencies represent in the developing world [43] . Recent efforts have focused on the fortification of common foods, an approach considered to be effective as well as very inexpensive [44] [45] [46] .
Field efficacy trial in the Philippines
This study evaluated the effect of a multiple-micronutrient-fortified beverage on iron and iodine status and functional endpoints (fitness and mental abilities). Compliance (or acceptability of beverage) of subjects was assessed. The fruit-flavored beverage contained physiologic levels of 11 micronutrients, including iron, vitamin A, and iodine [46] . In addition, the fortified beverage utilized a fortification approach that delivers highly bioavailable micronutrients without changing the taste or appearance of the consumed final product [46] .
Subjects
This study was a randomized, double-blind, placebo-controlled field efficacy trial that evaluated F.S. Solon et al.
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a micronutrient-fortified dietary supplement in the presence or absence of anthelmintic therapy in schoolchildren in the Philippines. The proposal was given human subjects approval by the NCP ethical review committee, whose members include representatives from Helen Keller International (Philippines) and United Nations Children's Fund (UNICEF). A total of 851 children in grades 1-6 were enrolled and 808 were subsequently evaluated. Children were recruited from four elementary schools in the municipality of Balete, located in the province of Batangas in the Philippines. Selection of participating schools considered the prevalence of both macronutrient and micronutrient deficiencies. Overall prevalence of moderate-to-severe malnutrition in this district's schools is 25%. Written consent from the parent or guardian was obtained for all students enrolled. The actual intervention and assessment of nutrition status were conducted from October 1998 to March 1999.
Research design
Study participants were assigned, through randomization at the individual level, to one of four different treatment groups. This provided at least 200 subjects per treatment group, yielding at least 80% power in detecting small effects for fortified beverage and/or albendazole at α = 0.05. The sample size computation was generated using the Power Analysis and Sample Size version 1.0 program developed by Hintze [47] . Subsamples of the total groups were selected for urinary iodine excretion (UIE) level determination, dietary assessment, and a socioeconomic survey. For UIE determination, 320 subjects/group were required for 80% power to detect a difference of 10 at α = 0.05. For the socioeconomic and dietary assessments, a subsample of 200 children was selected. Both the researchers and the study participants were blinded to the treatment assignment of each child. The delivery of the intervention was strictly supervised and observed by field assistants to prevent contamination or sharing of the beverage.
The study design is shown in figure 1 . Group 1 received fortified beverage with anthelmintic therapy; group 2 received fortified beverage with placebo anthelmintic therapy; group 3 received nonfortified beverage with anthelmintic therapy; and group 4 received nonfortified beverage with placebo anthelmintic therapy. Each study subject received a 200-ml serving of either fortified or nonfortified beverage twice each school day for a total of 16 weeks. A single serving (25 g sachets) contained iron (4.8 mg), vitamin A (700 IU), iodine (48 µg), zinc (3.75 mg), vitamin C (75 mg), riboflavin (0.46 mg), folic acid (0.06 mg), vitamin B 12 (0.5 µg), vitamin B 6 (0.5 mg), vitamin E (2.5 mg), and niacin (2.5 mg) (see box 1). Anthelmintic treatment consisted of one 400-mg albendazole tablet given at the start and end of the intervention. Placebo beverage and placebo anthelmintic pills were indistinguishable from their counterparts in appearance, smell, and taste.
Methods
Assessments of overall health and nutrition status as well as a 3-day recall of dietary intake were obtained both at baseline and immediately post-intervention. The general health of study subjects was evaluated through a physical exam and a medical history. Children with a hemoglobin level ≤ 8 g/dl were treated and excluded from the study.
Anthropometric assessments included weight, height, and analysis of nutrition status using the Epi Info version 6 software (Epidemiology Program Office, Center for Disease Control and Prevention, US Department of Health and Human Services). Hemoglobin was instantly measured using the HemoCue® kit (Hemocue AB, Angelholm, Sweden). UIE was determined from urine samples, immediately transferred to cryovials that were sealed, stored at -20° C, and submitted to the Philippine Food and Nutrition Research Institute for iodine content analysis using the perchloric method.
Stool specimens were collected at baseline, 3 weeks after the deworming was given, and again at the end of intervention. Quantitative stool examination was done using the Kato-Katz technique [48] . Slides were prepared and counted for hookworm eggs in the field laboratory; egg counts for Ascaris lumbricoides and Trichuris trichiura eggs were performed at both the field and the central laboratory. BOX Placebo tablet Group 2 Nonfortified beverage Deworming tablet Group 3 Placebo tablet Group 4 Effect of a fortified beverage on schoolchildren in the Philippines S132 Physical fitness was assessed using a modification of the Harvard step test by Montoye for cardiovascular endurance of different age groups [49] and pushups for muscular endurance [50] . This modification of the Harvard step test did not require additional weight load (per kg of body weight) but it varied step height per age. Auscultation of the chest for heart rate measurement was done by trained research staff. Heart rate was taken at rest, immediately after exercise, and at four 1-minute intervals post-exercise. Resting heart rate was taken only after the subject had remained seated for 5 minutes. Each subject was assigned a research staff member who took both baseline and endline measurements. The duration of the step test was maintained at 3 minutes (180 seconds). The frequency of the steps was set at 24 cycles/minute and the cadence maintained by a metronome amplified through an audio system. The height of the step was adjusted according to the height of the child. Children were given detailed instructions and were allowed to practice before the actual test was performed. Heart rates recorded during recovery were analyzed at each time point as well as through a fitness index score, which was equal to the duration of the test (180 seconds) divided by the sum of heart rates for the 5-minute recovery period. A random sub-sample of boys aged 8-12 years also performed standard pushups and the number of properly performed pushups were observed and recorded by trained research staff.
Cognitive ability was measured using a standardized written mental-abilities test called the Primary Mental Abilities Test for Filipino Children (PMAT-FC), developed by Dr. Nelia T. Vargas-Benito in 1993. The test measures the following three basic mental abilities: verbal, nonverbal, and quantitative. Specifically, the test covers general knowledge and comprehension, verbal relationships, fundamental mathematical comprehension and skills, numerical sequencing, and ability to perceive and apply relationships based on meaningless stimuli. First-grade students were tested individually by an interview with a test administrator. Grade 2 students were tested as a group but a test administrator read aloud the test questions to assist students without true reading proficiency. Children in grades 3 through 6 were tested as a group and students read and answered questions on their own.
For quantitative variables, means and standard deviations were calculated for each treatment group and by combining groups 1 and 2 for the fortified group and groups 3 and 4 as the nonfortified group ( fig. 1 ). Analysis of variance (ANOVA) was performed to test for differences of the means among the treatment groups. If the F-test from the ANOVA was significant, a multiple range test was done to identify which pairwise comparison of means was significant. Further analyses were conducted on different subsets of subjects who were grouped based on hemoglobin and/or UIE levels at baseline. The subset analyses were carried out because treatment effects of supplementation have been demonstrated to be more visible among subjects who are micronutrient deficient at baseline [17, 35, 46, 51, 52] . Subset analyses, therefore, identified groups of individuals more likely to benefit from the intervention.
Results
The nutrition profile at baseline of the subjects enrolled in this study largely mirrored the findings of the national survey conducted in 1998. Of the 808 elementary students evaluated, 52% (419 subjects) were anemic (hemoglobin < 12 g/dl). Five percent of all students were severely anemic (hemoglobin levels > 8 to < 10 g/dl) and about 21% were moderately to severely anemic (hemoglobin < 11 g/dl). The children from whom endline hemoglobin data were unavailable are evenly distributed across the four treatment groups. There was no significant difference in the hemoglobin level of the children across treatment groups at baseline. Approximately 90% of all the students evaluated were iodine deficient (UIE ≤ 100 µg/L), with 35% measured as severely deficient (UIE < 20 µg/L).
There were no significant differences between treatment groups with regard to age, socioeconomic demographic characteristics, 24-hr typical dietary intake, or any anthropometric measurement (table 1) . Overall, 54% (369/677) of all subjects had at least one type of helminth infection and most of the infections were calculated to be of light intensity. A total of 290 (43%), 150 (22%), and 74 (11%) were positive for Ascaris, Trichuris, and hookworm respectively. There was no significant difference in the cumulative prevalence, prevalence of mixed infections, and the prevalence of Ascaris, Trichuris, and hookworm infection among the four treatment groups. There were no significant differences between treatment groups with regard to compliance or acceptance of the beverage; 95.9% of children who received fortified beverage liked the beverage as much or more than the juice they typically drank at home (versus 96.3% of children who drank placebo beverage). Among nonanemic subjects, the group receiving fortified beverage had a slightly lower baseline UIE level than those in the placebo group (37.00 versus 47.89 µg/L, respectively, p = .035). No other significant differences between treatment groups in any baseline biochemical analysis were observed. There were also no differences observed between groups with regard to baseline cognitive function, physical fitness, or general medical history.
Anthropometric status
Analysis of the children's anthropometric status at post-intervention revealed that there was a slight increase in weight and height for all four treatment groups (table 2) . When the children were grouped Effect of a fortified beverage on schoolchildren in the Philippines S134 by type of beverage received, regardless of deworming treatment, those given the fortified beverage had slightly higher increases in weight and height than did the children given the nonfortified beverage. When analyzed according to deworming group, those who received the deworming tablet were found to have a slightly higher increase in weight. However, the differences observed in all these instances were not statistically significant.
Anemia and iodine deficiency
At baseline, most subjects (52%) were anemic. The consumption of the fortified beverage had no significant effect on iron status when hemoglobin levels of < 12 g/dl was used as a cutoff. However, a significant improvement in iron status was demonstrated among the subjects who had hemoglobin levels < 11 g/dl at baseline. An analysis of the changes in iron status relative to the severity of anemia at baseline revealed a strong association between the efficacy of the fortified beverage and the severity of anemia at baseline (table 3) . The highest increase in hemoglobin level was obtained in the subgroup that had < 10 g/dl hemoglobin level at baseline, even though the difference was not significant (p < .10). By contrast, the subjects who had adequate iron status (≥ 12 g/dl hemoglobin) at baseline showed a slight reduction in hemoglobin level. The correlation between baseline hemoglobin level and the effect of the fortified beverage on iron status was highly significant (p < .0001). The number of children who remained moderately or severely anemic at the end of the 16week intervention period was also significantly lower among children who received the fortified beverage (14.9% versus 28.75%, respectively, p = .03) (results not shown). The benefit of the fortified product on iron status is similar to that of deworming. Deworming significantly improved the iron status of moderately to severely anemic subjects at baseline, (12.04 g/dl in dewormed children versus 11.6 g/dl in children not dewormed, p = .02) (results not shown).
Children who consumed the fortified beverage showed dramatic improvement in iodine status (table 4). In children who received the fortified product, the median UIE level increased from 41.31 µg/L at baseline to 67.98 µg/L after the 16-week intervention. Among those who received the placebo beverage, the median UIE level reduced significantly from 46.99 µg/L at baseline to 39.74 µg/L after intervention. The increase in UIE level after supplementation is strongly associated with iodine status at baseline. Subjects who were iodine replete at baseline (≥ 100 µg/L) experienced a significant drop in UIE level at 
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post-intervention, whereas the highest improvement in iodine status was observed in subjects who had UIE levels below 20 µg/L. The data suggest that the bioavailability of iodine is tightly regulated by the iodine status of the subjects at baseline. Regression analysis showed there is a significant (p < .0001) correlation between improvement in iodine status and baseline iodine status. Although it is not as dramatic as that of the fortified beverage, it is interesting to note that anthelmintic treatment had some effect on iodine status at post-intervention (p < .07) In fact, among subjects with baseline hemoglobin levels ≥ 12 g/dl, the increase in UIE level among the dewormed (21.7 µg/L) was significantly higher than that of the placebo group (5.98 µg/L) (results not shown). Although preliminary, the data suggest that there is a positive interaction of baseline iron status and anthelmintic treatment on iodine status. The interaction between iron and iodine status on both iron and iodine status at the end of the intervention was also evaluated by using a regression analysis (not shown). There was no correlation between iodine status at baseline and iron status at post-intervention (p = .92). The effect of baseline hemoglobin level on change in iodine status seems to show some correlation (p = .18). The subjects with hemoglobin levels ≥ 11 to < 12 g/dl at baseline had significantly (p < .01) less post-intervention increase in UIE levels than did those with hemoglobin levels > 12 g/dl at baseline (results not shown).
Physical fitness
The effect of the fortified beverage on changes in heart rate was dramatic and consistent. The fortified beverage consistently showed beneficial effect in reducing post-exercise heart rates (table 5). Significant difference in changes in heart rate was consistently observed among the subjects with hemoglobin levels < 12 g/dl and hemoglobin levels < 12 g/dl and UIE levels < 50 µg/L at the baseline. Interestingly, the fortified beverage also showed significant and more dramatic effect in reducing heart rate among the children with hemoglobin levels > 12 g/dl and UIE levels > 20 to < 50 µg/L, hemoglobin levels > 12 g/dl and UIE levels > 50 to < 100 µg/L, and UIE levels > 20 to < 50 µg/L at baseline (table 5) .
The increases in fitness index scores in the subjects who received the fortified and nonfortified beverage were 1.25 and 0.29, respectively. Although the score is higher in the treated subjects than in the placebo group, it was not significant (p = .11). It is likely that the difference observed is due to the fortified beverage, because the anthelmintic-treated subjects had lower increases in fitness index scores compared with the untreated group (dewormed = 0.53, placebo = 0.10; p = Effect of a fortified beverage on schoolchildren in the Philippines S136 .44). It is important to note that deworming had either no effect or a negative effect on fitness index scores (data not shown). On the other hand, the effect of deworming on change in heart rate was inconclusive.
Cognitive performance
The effects of the fortified beverage on mental ability scores are presented in table 6. Consumption of fortified beverage showed no significant effect on changes in total cognitive score of all subjects. By contrast, the subjects who were both iron deficient (hemoglobin < 11 g/dl) and mildly iodine deficient (UIE > 50 to < 100 µg/L) at baseline showed significant increases in changes of total cognitive (p < .02), nonverbal ability (p < .03), and verbal ability (p < .02) scores. Among subjects who were moderately to severely anemic (hemoglobin < 11 g/dl) at baseline, children receiving the fortified beverage showed significant improvement in changes in nonverbal ability score (p < .05). The iron-deficiency-anemia-mediated impact of the fortified beverage on verbal ability scores was enhanced to some extent by iodine deficiency (table 6) . Changes in quantitative scores were inconsistent; the effect of fortified beverage on quantitative scores is inconclusive (data not shown). Improvement in mental ability scores is specific to the fortified beverage, because anthelmintic treatment showed either no effect or had a negative effect (data not shown).
Discussion
Baseline data demonstrate that both iron and iodine deficiencies are prevalent among Filipino schoolchildren. At baseline, 52% and 21% were anemic, using Hb levels of < 12 g/dl and < 11 g/dl as cutoff points, respectively. Likewise, about 90% and 37% were iodine deficient at baseline, using UIE levels of < 100 µg/L and <20 µg/L as cutoff points, respectively. The prevalence of micronutrient deficiencies observed at baseline is higher than that observed in the 1998 Philippine national survey [48] . According to this relatively recent survey, anemia and iodine deficiency among schoolchildren are about 37% and 36%, respectively. A little over half of all children examined had at least one type of helminth infection, but most of those infected had light infections. This should be taken into account when interpreting the benefit of concomitant deworming and fortification.
Although it is well recognized that food fortification is among the preferred and cost-effective approaches in combating micronutrient malnutrition, its effectiveness in developing countries is yet to be demonstrated. One of the limiting factors is the lack of simple and affordable technology to fortify foods with stable and bioavailable nutrients without compromising commonly accepted taste and appearance [46, 53, 54] . In fact, compliance has been identified as one of the key limiting factors in combating micronutrient malnutrition through supplementation [55] . The results showed that the fortification of the powder fruit drink with multiple micronutrients (three minerals and eight vitamins) had no significant impact on the amount of beverage consumed and overall compliance. When asked to compare the fortified beverage with the juice they usually drink at home, 20% of the children liked the beverage better and 76% showed no preference, with only 4% preferring juice.
This randomized, double-blind, placebo-controlled study showed that repeated consumption of the fortified beverage has a significant impact on improving the iron status of the subjects with hemoglobin levels < 11 g/dl at baseline. The data suggest that utilization of iron from the fortified beverage is highly regulated by the iron status of the subjects. The highest increase 
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was obtained in the subjects with hemoglobin levels < 10 g/dl at baseline (table 3) . Regression analysis also showed that the increases in hemoglobin levels at post-intervention were significantly correlated with baseline iron status. This corroborates data obtained by others among Tanzanian schoolchildren with the same delivery system [33] . Note that the iron consumed daily in the study was not only at physiologic levels but also consumed only during the school days for 16 weeks.
There are few intervention studies with iron-fortified foods in schoolchildren [3, 33] . The effect of fortified biscuits on micronutrient status in schoolchildren in South Africa showed a decrease in hemoglobin levels after 6 months and a significant increase in hemoglobin levels after 12 months of intervention [3] . Many of the other iron intervention studies in schoolchildren use supplementation at pharmaceutical doses [17, 35, 37] . In these studies, significant changes in iron status were observed only among the anemic subjects [17, 35] .
Repeated consumption of the multiple-micronutrient-fortified beverage by Filipino schoolchildren resulted in significant improvement in iodine status (table 4 ). The highest increase in UIE level was obtained among the subjects who were severely iodine deficient (UIE < 20 µg/L) at baseline. By contrast, a decrease in UIE levels was observed among those who were iodine adequate (UIE > 100 µg/L) at baseline. Furthermore, the results demonstrate that the utilization of iodine from the fortified product is tightly regulated. Regression analysis showed that baseline iodine status is negatively correlated with change in UIE levels at the end of the study. No interaction was observed between iodine status at baseline and increases in hemoglobin levels at post-intervention. However, although the association between iron status at baseline and postintervention change in UIE level was nonsignificant, the subjects who were iron adequate at baseline had a significantly higher increase in UIE levels than those who had baseline hemoglobin levels between 11 and 12 g/dl. Note, however, that the increase in UIE levels observed among the subjects who were iron deficient (hemoglobin < 11 g/dl) at baseline was not significantly different from that in subjects who were iron adequate (hemoglobin > 12 g/dl) and mildly anemic (hemoglobin ≥11 g/dl to < 12 g/dl) at baseline.
Very few studies on the interaction between iron and iodine status have been reported in the literature. According to Zimmermann, et al. [27] the effect of iodine supplementation is impaired in goitrous children with iron-deficiency anemia. Furthermore, results from an iron supplementation study showed efficacy of iodized salt in goitrous children to be significantly improved by iron treatment [56] . It is possible that the marked improvement in iodine status observed in children consuming the fortified beverage could be due to the delivery of both iron and iodine through a single product.
Multiple studies have shown that micronutrient malnutrition, particularly of iron and iodine, has negative effects on growth, strength, mental development, and learning [15] [16] [17] [18] [19] [20] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] . Our results showed that the fortified beverage had no effect on growth of the schoolchildren. Limited studies have shown significant effect of iron supplementation on growth in schoolchildren [35, 37, 57] . However, these studies used pharmaceutical doses of iron in anemic subjects. A recent study by Latham et al. [33] , however, did find a significant effect on growth (height and weight gain) and body mass index after repeated consumption of a fortified beverage after 6 months. It is likely that the lack of positive response observed in the Filipino study could be due to the short duration of the intervention phase (4 months).
Several clinical studies of iron supplementation in Guatemala [12, 58] , Sri Lanka [14, 16, 17, 59] , Indonesia [60] , and Africa [63] have demonstrated a strong relationship between increased hemoglobin levels and common work performance capacity indicators, such as work productivity, heart rate, blood lactate, and oxygen intake. All of these studies used iron supplements instead of fortified foods, and none studied schoolchildren. The effect of the fortified beverage, even though the nutrients are consumed daily at physiologic levels, is interesting. The increase in the fitness index score of the subjects who received the fortified beverage was higher, even though it was not significant (p < .11), than in those who received the nonfortified beverage. The average change in heart rate as a function of time after exercise was consistently lower among those in the fortified group than in the nonfortified group (table 5) . However, it reached significance only at 2 minutes after exercise (p < .06). Among subjects with hemoglobin levels < 12 g/dl at baseline, reduction in heart rate of those in the fortified group was significantly higher than in the nonfortified group at 1 and 2 minutes. There is an indication that iodine status may have an adverse effect on fitness in schoolchildren. Among the subjects who were moderately iodine deficient (UIE > 20 to < 50 µg/L) at baseline, those who received fortified beverage had significantly higher reduction in heart rate at 1, 2, 3, and 4 minutes after exercise. It is unclear why this particular group consistently responded positively to the fortified beverage by showing significantly increasing fitness as indicated by reduction of heart rate. It is likely that the level of iodine (96 µg) consumed per day and the duration of the study (4 months) were not adequate to provide benefits to those with UIE levels < 20 µg/L at baseline. By contrast, the group with baseline UIE levels > 50 µg/L probably already had adequate amounts of iodine, which were not affected by the fortified beverage.
Several studies of infants, preschool children, and schoolchildren have shown that iron-deficient subjects Effect of a fortified beverage on schoolchildren in the Philippines S138 had lower cognitive development and school performance [5, [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [38] [39] [40] [41] . In infants, iron supplementation was effective in improving iron status but not in correcting mental development deficit [19, 20] . Significant improvement in cognitive performance by iron supplementation in preschool and schoolchildren has been observed in Indonesia [17, 38, 61] , India [39] , and the United States [21, 22] . Unlike the study reported here, these studies used pharmaceutical doses of iron. Also, positive cognitive benefits were observed only in the subjects who were iron deficient at baseline.
Very limited studies have assessed the impact of iodine supplementation on cognitive performance in preschool and schoolchildren. In a controlled study done in Bolivia, improvement in IQ was demonstrated in all those schoolchildren who showed significant reduction in goiter [62] . Recently, results from a 1-year intervention study among iodine-deficient schoolchildren showed a significant improvement in mental performance among those children with increased UIE levels [42] . Our data demonstrate that consumption of a fortified beverage had a significant effect on nonverbal ability scores among subjects who were moderately to severely anemic (hemoglobin < 11 g/dl). Interestingly, the subjects who were both iron deficient (hemoglobin < 11 g/dl) and mildly iodine deficient (UIE > 50 to < 100 µg/L) at baseline had significantly increased total cognitive, nonverbal ability, and verbal ability scores.
Overall our results are consistent with results reported by others [17, 22, 38, 39, 61] . The significant cognitive benefits of the fortified beverage occurred only among subjects who were either anemic or both anemic and iodine deficient at baseline. Also, our results support the recently published data by Stoltzfus et al. [5] , in which a physiologic level of iron supplementation for 1 year had a significant benefit on language and motor development among anemic preschool children. The effect of iron supplementation was limited to children with more severe anemia (hemoglobin < 8 g/dl) at baseline. Data published thus far, including ours, are consistent with the conclusion made by Sternberg et al. [26] that inadequate levels of vitamins and minerals in the blood reduces intellectual performance below a child's optimal level. Vitamins and minerals, in addition to a child's standard diet, seem to be particularly associated with a rise in nonverbal cognitive performance.
Conclusion
Our results show that daily delivery of multiple micronutrients including iron and iodine (at physiologic levels) via a commonly accepted powder fruit drink showed a significant effect on iron and iodine status. The utilization of both iron and iodine is highly regulated. Only the subjects who were deficient at baseline showed an increase in either hemoglobin or UIE levels. In addition, the repeated consumption of the fortified powder drink had a significant benefit in improving physical fitness (indicated by reduction in heart rate) and mental ability (indicated by nonverbal and verbal ability scores). Again, these functional benefits were obtained among subjects who were either iron and/or iodine deficient.
